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(54) PURIFICATION OF ACRYLIC ACID 

^ (57)Abstract: 

PURPOSE: To provide an inexpensive and efficient method for purifying acrylic acid in 
production of acrylic acid. 

CONSTITUTION: This purifying method comprises subjecting propylene and (or) acrolein to 
catalytic vapor phase oxidation using a molecular oxygen-containing gas, cooling the produced 
gas and (or) absorbing the produced gas into water to afford a crude acrylic acid aqueous 
solution, subjecting the aqueous solution or a crude acrylic acid aqueous solution obtained by 
previously removing aldehydes in the aqueous solution by stripping to azeotropic distillation 
under reflux together with a nonhydrophilic azeotropic agent capable of forming an azeotropic 
mixture with acetic acid and recovering the purified acrylic acid from the tower bottom of 
azeotropic distillation tower used. In this method, an azeotropic agent is additionally fed from at 
least one place which is located more downstream than feed source of the reflux flow of 
azeotropic distillation tower in addition to the azeotropic agent as a reflux flow and the azeotropic 
distillation is carried out and acrylic acid substantially containing no acetic acid is recovered from 
the tower bottom. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the rough acrylic-acid water solution which cooling and (or) water are made to absorb 
the generation gas which carried out contact vapor phase oxidation of a propylene and (or) the 
acrolein by molecular oxygen content gas, and obtained them, and is obtained - Or the rough 
acrylic-acid water solution from which the aldehydes in this liquid were beforehand removed by 
stripping is given to azeotropic distillation under reflux with the entrainer of the non-hydrophilic 
property which forms an acetic acid and azeotropic mixture. In the approach of collecting the 
acrylic acids refined from the operating azeotropy distilling-column bottom the outside of the 
entrainer as reflux — azeotropic distillation -- the purification method of an acrylic acid which 
carries out additional supply of the entrainer from at least one place of a lower stream of a river 
from the source of supply of the reflux of a column concerned, carries out this azeotropic 
distillation, and is characterized by collecting the acrylic acids which do not contain an acetic acid 
more substantially than a bottom. 

[Claim 2] the purification method of an acrylic acid according to claim 1 which is that in which the 
acrylic acid from a bottom does not contain water and (or) an entrainer, either. 
[Claim 3] The purification method of an acrylic acid given in any 1 term of claims 1-2 the range of 
whose ratio of the amount of the entrainer to which the azeotropy distilling column to be used is 
15-60 steps of number of stageses, and is supplied as reflux, and the total amount of the 
entrainer which carries out additional supply is 1 to 5-30 to 1. 

[Claim 4] The purification method of an acrylic acid given in any 1 term of claims 1-3 whose 
entrainer to be used is what satisfies all the following conditions. 

(b) that it is what also forms azeotropic mixture with water out of an acetic acid, and (**) - the 
solubility to water being 5 or less % of the weight and an acrylic acid (Ha) should not form 
azeotropic mixture. 

[Claim 5] azeotropic distillation - a column - the phase on which a distillate is the mixture which 
consists of an acetic acid, water, and an entrainer substantially, and puts this mixture gently and 
which it becomes from an entrainer substantially, and the phase which consists of an acetic acid 
and water substantially - dissociating — the former - azeotropic distillation - the purification 
method of an acrylic acid according to claim 4 which supplies a column as reflux and uses the 
latter as water which should make contact vapor-phase-oxidation generation gas absorb. 
[Claim 6] The purification method of an acrylic acid given in any 1 term of claims 1-5 in which the 
rough acrylic-acid water solution which should be given to azeotropic distillation contains an 
acrylic acid 20 to 85% of the weight, and contains 0,5 - 6.5 % of the weight, and water for an 
acetic acid in 10 - 75% of the weight of the range. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] [Background of the Invention] 

[Industrial Application] this invention relates to the approach of refining the acrylic acid obtained 
by carrying out contact vapor phase oxidation of a propylene and (or) the acrolein by molecular 
oxygen content gas. 

[0002] the resultant which carried out contact vapor phase oxidation of a propylene and (or) the 
acrolein by molecular oxygen content gas, and obtained them under existence of a steam 
preferably usually contains side reaction products, such as an acetic acid, a formic acid, an 
acetaldehyde, formaldehyde, a carbon dioxide, or a carbon monoxide, and the unreacted 
propylene and acrolein other than an acrylic acid which are the specified substance. Especially 
this invention separates efficiently the acetic acid which is hard to separate from an acrylic acid 
among side reaction products from the resultant, and offers the approach of refining an acrylic 
acid to a high grade, this invention absorbs the above-mentioned resultant with water in more 
detail — making — an acrylic-acid water solution — carrying out — this ~ azeotropic distillation — a 
column ~ introducing — refining — facing — an entrainer — azeotropic distillation — additional 
supply is carried out or more by one below a reflux feed tray other than reflux of a column, and 
the approach of effective azeotropy separating a by-product and refining an acrylic acid is offered. 

[0003] 

[Description of the Prior Art] It has so far been thought that the very difficult and general 
separation approach takes great cost to separating an acetic acid from a product acrylic acid in 
an acrylic-acid refinery process generally on the physical properties of both compounds. 
However, the importance of reduction of acetic-acid concentration has been increasing as quality 
of an acrylic-acid product in recent years. For example, although it is possible to carry out the 
polymerization of it and to obtain a water-absorbing resin as a general-purpose application of an 
acrylic acid, in order not to carry out the polymerization of the acetic acid in an acrylic acid, it 
remains as an acetic-acid simple substance also into product resin, and is easy to cause the fall 
of water absorbing power, a smell, and the problem of **, and the reduction demand of the acetic 
acid from a raw material acrylic acid is large. 

[0004] Moreover, also in the ester which an acrylic acid and various alcohol are made to react and 
is manufactured, the acetic acid in a raw material acrylic acid reacts with alcohol, and serves as 
acetic ester. It cannot dissociate easily with acrylic ester, but this acetic ester is mixed into 
product acrylic ester. 

[0005] The polymerization of the acrylic acid is carried out, and when manufacturing the so-called 
emulsion, in order not to carry out the polymerization of the acetic ester, it causes various troubles 
as a "residual monomer." In addition, as for the acetic-acid content in a common product acrylic 
acid, and the permission acetic-ester content in product acrylic ester, 0.03 or less % of the weight 
is respectively required for 0.05 or less % of the weight, as for the permission acetic-acid content 
in a raw material acrylic acid. 

[0006] From such a place, it considered as the purification method of an acrylic acid, especially 
the removal method of the acetic acid as an impurity, and some approaches have been 
considered. For example, an acrylic-acid water solution is given to JP,63-10691,B at azeotropic 
distillation with the entrainer which forms an acetic acid and azeotropic mixture, and the method 
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of separating and refining an acetic acid from an acrylic acid is indicated ( drawing 2 shows the 
flow sheet), however - although this approach gave appropriate solution, since it only carries out 
azeotropic distillation to purification — azeotropic distillation — it is understood as it being difficult 
to separate an acetic acid completely substantially actually only in a column. Consequently, since 
an acetic acid will be extracted with an acrylic acid from a bottom, it is understood as the acrylic 
acid obtained having problems, like since the further processing for acetic-acid removal is 
needed, a process becomes complicated and cost becomes high. 

[0007] The method of dissociating from an acetic acid and refining an acrylic acid is indicated by 
by on the other hand adding and carrying out azeotropic distillation of the entrainer which forms 
an acetic acid and azeotropic mixture to an acrylic-acid water solution also at JP, 5-246941 ,A ( 
drawing 3 shows the flow sheet). However, although appropriate solution was given, since the 
entrainer shown here is using the hydrophilic matter, for example, a diethyl ketone, this approach 
is also understood that the entrainer reclaiming tower of the dedication which the entrainer of an 
amount which cannot be disregarded in the aqueous phase even if it puts remains, and collects 
entrainers from that aqueous phase is required for the entrainer and water which are distilled from 
the overhead, and the mixture of an acetic acid. Moreover, although this well-known invention is 
understood as what has one description at the place which uses the mixture of a hydrophilic 
solvent like a diethyl ketone, and a hydrophobic solvent like toluene as an entrainer, if for that 
reason it changes with time and the monitor of that azeotropy liquid presentation, the supply 
approach under operation, etc. are considered while that mixed ratio operates, it will be 
understood as unsuitable for long-term continuous running as a real plant. 
[0008] In addition, although some approaches were learned, there was one of the 
above-mentioned problems by the conventional approach. 
[0009] 

[Means for Solving the Problem] 

[Outline of invention] this invention is faced giving a rough acrylic-acid water solution to azeotropic 
distillation under reflux, and refining it, and it is based on discovery that the acrylic acid of a high 
grade is obtained by low cost, by supplying a non-hydrophilic-property entrainer further from at 
least one below the stage concerned besides as reflux. 

[0010] The purification method of the acrylic acid by <the summary, i.e., this invention, > the rough 
acrylic-acid water solution which cooling and (or) water are made to absorb the generation gas 
which carried out contact vapor phase oxidation of a propylene and (or) the acrolein by molecular 
; oxygen content gas, and obtained them, and is obtained - Or the rough acrylic-acid water 

solution from which the aldehydes in this liquid were beforehand removed by stripping is given to 
azeotropic distillation under reflux with the entrainer of the non-hydrophilic property which forms 
an acetic acid and azeotropic mixture. In the approach of collecting the acrylic acids refined from 
the operating azeotropy distilling-column bottom It is characterized by collecting the acrylic acids 
which carry out additional supply of the entrainer from at least one place of a lower stream of a 
river, carry out this azeotropic distillation, and do not contain an acetic acid from the source of 
supply of the reflux concerned out of the entrainer as reflux more substantially than a bottom. 
[001 1] According to the approach of <effectiveness> this invention, a rough acrylic-acid water 
solution can be refined to a high grade by low cost. 
[0012] [Concrete explanation of invention] 

the rough acrylic-acid water solution which the rough acrylic-acid water solution set as the object 
of purification of the acrylic acid by this invention <for purification> makes cooling and (or) water 
absorb the generation gas which carried out contact vapor phase oxidation of a propylene and 
(or) the acrolein by molecular oxygen content gas, and obtained them, and is obtained, or the 
rough acrylic-acid water solution from which the aldehydes in this liquid were beforehand 
removed by stripping - it comes out. Since these acrylic-acid water solutions contain an acetic 
acid as an impurity, the purification method of this invention acts effectively. 
[0013] the contact vapor phase oxidation of a propylene and (or) an acrolein is common 
knowledge, probably, about the detail of the contact vapor phase oxidation of a propylene and 
(or) an acrolein, quotation of reference is permitted, since this invention does not relate to the 
contact vapor phase oxidation concerned itself, such reference - for example, ~ Hydrocarbon 
Processing 56 No.1 1,123 (1977) and - said - 58 No.11 and 124 (1979) It is. 
[0014] since processing, i.e., carry out scrubbing, usually comes out of that gas resultant with 



water and there is contact vapor phase oxidation of a propylene and (or) an acrolein in order in 
processing the gas resultant of this gaseous phase reaction that is carried out under existence of 
a steam in many cases, and is performed to the bottom of a temperature up that acrylic acids 
should be collected from there to cool the gas resultant concerned or to absorb an acrylic acid, it 
is the form of the rough acrylic-acid water solution made anyway into an object by this invention. 
[0015] Although these rough acrylic-acid water solutions can be refined by the approach of this 
invention no matter they may be what concentration, what contains an acetic acid 0.5 to 6.5% of 
the weight 20 to 85% of the weight, and contains water especially for an acrylic acid in 10 - 75% 
of the weight of the range is desirable. 

[0016] The azeotropic distillation used in order to refine the above rough acrylic acids by 
<azeotropic-distillation> «outline» this invention as essentially as the thing of common use, 
especially the thing which carries out reflux will not change, if the point of supplying an entrainer 
from two or more specific places is removed. 

[0017] That is, the azeotropic distillation of this invention is the thing of the basic configuration of 
making the acetic acid as an impurity distilling from the overhead, and collecting purification 
acrylic acids from a bottom first, therefore, the azeotropic distillation to be used - azeotropy 
separation for a column to separate an acetic acid from a rough acrylic acid - it can be called a 
column. 

[0018] Since that the entrainer used by this invention carries out [ that ] azeotropy to water 
besides an acetic acid is desirable (detail postscript), as for the overhead product of azeotropic 
distillation, it is typical to consist of an acetic acid, water, and an entrainer substantially, moreover 
- therefore, if such an entrainer is used, the purification acrylic acid as a bottom can be obtained 
as what does not contain water and (or) an entrainer, either. 

[0019] Although the azeotropic distillation of this invention performed under reflux may flow back 
the overhead product which becomes substantial from these three components with the 
presentation concerned, a desirable mode is collecting only entrainers substantially and 
considering as reflux. That is, since the entrainer used by this invention is a non-hydrophilic 
property and the stratification of it will be carried out to the phase which consists of an entrainer 
substantially, and the phase which consists of an acetic acid and water substantially if an 
overhead product is put, this entrainer phase can be separated, and it can also be flowed back, 
and it is also a desirable mode in this invention. 

[0020] It just described above that one description of this invention was multistage supply of an 
entrainer, and one is supplied to the overhead as reflux, and others are crossed to at least one of 
the stages below the stage which supplies reflux, i.e., one step or several steps, and carry out 
additional supply, it is appropriate to carry out by one or more steps of one step (therefore, supply 
as reflux two steps) of additional supplies of an entrainer coming out preferably, and an additional 
feed tray has desirable near [ a rough acrylic-acid water-solution feed tray (i.e., the same stage) ] 
and stage [ below it ] **. Additional supply entrainers may be collected as an overhead product, or 
may be fresh. 

[0021] the quantitative ratio of the entrainer as reflux, and the additional supply entrainer total 
quantity - 1:5-30:1 - desirable ~ 1:1-15:1 — it comes out and a certain thing usually comes out. 
[0022] azeotropic distillation - the time of the total amount of the entrainer to a column being that 
in which this carries out azeotropy also to water — general - azeotropic distillation — it comes out 
preferably more than 1 .0 to 3.0 times as much 2.0 to 10 times as much total [ as composition with 
an acetic acid ] with an amount as the composition of an amount and water more than total with 
the amount of the composition of the amount of the composition of the acetic acid in the rough 
acrylic-acid water solution which is the raw material supplied to a column, and an entrainer, water, 
and an entrainer. 

[0023] the entrainer and the additional supply entrainer as reflux - azeotropy - a column - it is 

possible, processing rinsing etc. and re-supplying naturally out of a system. 

[0024] «azeotropic-distillation flow sheet / equipment» If a flow sheet shows the above 

desirable modes of the puriflcation method of the rough acrylic acid by the azeotropic distillation 

under the reflux by this invention, it will be as drawing 1 . 

[0025] the case of the flow sheet of drawing 1 - Rhine 1 - propylene contact 

vapor-phase-oxidation reactant gas - acrylic-acid uptake - a column 1 1 should be supplied and 

pass Rhine 2 from the bottom - the rough acrylic-acid water solution flowing out - azeotropic 



distiriation - a column 12 is supplied. In the azeotropy distilling column 12, a feeding stage is 
respectively supplied [ Rhine / 4 ] as division entrainer supply from Rhine 5 all over the stage 
below a reflux feed tray, for example, drawing 1 , by considering the entrainer other than the 
rough acrylic-acid water solution from Rhine 2 as reflux, thus, the thing for which an entrainer is 
divided and supplied - azeotropic distillation - the rate that the entrainer in the vapor-liquid below 
a feeding stage of especially a column occupies becomes large, and the azeotropy effectiveness 
of the entrainer to an acetic acid improves. 

[0026] azeotropic distillation - although two-phase separation of it will be carried out to the 
aqueous phase and an entrainer phase if this is put since the entrainer of a non-hydrophilic 
property with the low solubility to water is used for the overhead distillate, i.e., the condensate, 
which comes out from overhead Rhine 3 of a column 12 and which is the mixture which consists 
of an acetic acid, an entrainer, and water substantially - the aqueous phase - substantial - 
acrylic-acid uptake — consisting of all water and acetic acids in the acrylic-acid water solution from 
a column 11 , it is discharged out of a system from Rhine 8. in addition, the part ~ Rhine 7 - 
acrylic-acid uptake - it circulates to a column 1 1 and is used as a lean solution for carrying out 
uptake of the acrylic acid. 

[0027] on the other hand - a part of entrainer phase ~ Rhine 4 — azeotropic distillation - it flows 
back as reflux of a column 12 ~ having — the remainder — Rhine 5 — azeotropic distillation — in 
the stage below the reflux stage of a column 12, and drawing 1 , it circulates in a feeding stage 
and the stage which comes out and is supplied in a certain Rhine 2. 

[0028] the azeotropic distillation used by this invention ~ although there is especially no limit in a 
column, it usually comes out preferably 15-60 steps of to use 35-50 steps and ** more preferably, 
[0029] in addition, azeotropy — as a service condition of a column, preferably, column top 
temperature sets up the tower-overhead-pressure force so that 35 degrees C or more and bottom 
temperature may become 100 degrees C or less. Moreover, it does not matter at all though 
natural, even if it supplies the gas which contains polymerization inhibitor and molecular oxygen 
on the occasion of the operation. 

[0030] Since it makes it radical Motome-like for the azeotropic distillation in <entrainer> this 
invention to make an acetic acid distill as azeotropic mixture, the entrainer which should be used 
carries out azeotropy to an acetic acid, but it is desirable that it is what carries out azeotropy also 
to water so that the water which exists in most amount in a rough acrylic acid may also be distilled 
off. Moreover, the entrainer to be used should not carry out azeotropy of the acrylic acid 
substantially from the place which collects purification acrylic acids as a bottom. Five or less % of 
the weight of a thing has especially the desirable solubility to water. Specifically, there are 
toluene, a heptane, a methylcyclohexane, a cyclohexane, ethylbenzene, the isobutyl ether, a 
cyclohexene, cyclohexane diene, butyl ethyl ketone, propionic-acid n-propyl, isobutyl acetate, etc. 
** of what is not preferably dissolved in water substantially, for example, toluene, a cyclohexane, 
and a methylcyclohexane etc. is good. 
[0031] 
[Example] 

The azeotropy distilling column used example of experiment 1 was adjusted so that it might be 
set to tower-overhead-pressure force 1 lOmmHg. The rough acrylic-acid water solution as a raw 
material used that in which water is included 38.5% of the weight, and it includes an acetic acid 
for the aldehyde of 3.2 % of the weight and a some, a carboxylic acid, etc. This water solution 
makes the generation gas obtained by the contact vapor-phase-oxidation reaction of a propylene 
condense. 

[0032] It is the above-mentioned raw material 14.6kg/The azeotropy distilling column was 
supplied by the time and azeotropic distillation was performed, using toluene as an entrainer. the 
inside of the condensate from the overhead - a toluene phase - whole-quantity azeotropic 
distillation — it circulated to the column, the circulation part of an entrainer, and a circulating load 
- as reflux ~ 51 .4kg/the time - as division entrainer supply ~ a feeding stage - 5.7kg/Total 
57.1 kg/at the time the time - having supplied . The column top temperature under operation was 
about 40 degrees C, and bottom temperature was about 100 degrees C. 99.0% of the weight or 
more, 0.03 or less % of the weight, toluene was the amount of traces and the acrylic acid was [ 
the acetic acid of the component of the bottom at this time ] what can be enough used as a raw 
material acid for acrylic ester. The toluene concentration in the aqueous phase after putting the 



condensate from the overhead was 0.03 % of the weight. 

[0033] It is a raw material rough acrylic-acid water solution to an example of experiment 2 
azeotropy distilling column 14.6kg/lt supplied by the time and azeotropic distillation was 
performed, using toluene as an entrainer. the circulation part of an entrainer, and a circulating 
load - as reflux - 51 .4kg/the time - as division supply agent supply - a feeding stage - 
7.1 kg/Total 58.5kg/at the time the time having supplied . Consequently, for an acrylic acid, 99.0 
% of the weight or more and an acetic acid are [ 0.01 or less % of the weight and toluene ] the 
amounts of traces, and the component of a bottom was able to carry out separation removal of 
the acetic acid sharply from the raw material acrylic-acid water solution also in this case. The 
toluene concentration In the aqueous phase after putting the condensate from the overhead was 
0.01 % of the weight. 

[0034] At the experiment conditions of the example 1 of example of comparison 1 experiment, it is 
toluene circulation to an azeotropy distilling column only to a reflux feed tray 57.1kg/Azeotropic 
distillation was performed only by sometimes (total of the entrainer circulating load to two places 
of the example 1 of an experiment) changing. As for the component of a bottom, the acrylic acid 
was able to obtain only the acrylic acid of the purity of the level which 0.1 % of the weight and 
toluene are [ 99.0 % of the weight and an acetic acid ] the amounts of traces, and cannot be used 
as a raw material acid for acrylic ester the way things stand, although the toluene circulating load 
is increased and change of the purity in a bottom was observed, before [ then, ] reaching the 
purity of the example 1 of an experiment - a circulating load - 124kg/the place considered as the 
time — azeotropic distillation — a column — inside lapsed into flooding and became operation 
impossible. 
[0035] 

[Effect of the Invention] According to this invention, in the term of [Summary of the Invention], it 
just described above that could remove the acetic acid which sub** by low cost efficiently, and the 
acrylic acid of a high grade was obtained at the time of acrylic-acid manufacture. 
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